2-Amino-5-(3-fluoro-4-methoxyphenyl)thiophene-3-carbonitrile have been synthesized from 1-(3-fluoro-4-methoxyphenyl)ethanone, malononitrile, a mild base and sulfur powder using Gewald synthesis technique and the intermediate was treated with 1,3-disubstituted pyrazole-4-carboxaldehyde to obtain the novel Schiff bases. 1,3-disubstituted pyrazole-4-carboxaldehyde derivatives have been synthesized by Vilsmeier-Haack reaction in the course of a multi-step reaction. The structure of novel compounds were established on the basis of their elemental analyses IR, 1 H NMR, 13 C NMR, and mass spectral data and then screened for their in vitro antimicrobial activity. Among them 5a, 5c, 5f and 5h showed excellent activity when compared to other derivatives. Remaining derivatives showed moderate activity.
Introduction
The compounds haulage azomethine functional group (-C¼N-) which are accepted as Schiff's base have projected significance in medicinal and pharmaceutical fields due to their application in synthesis of versatile organic intermediates and their broad range of biological activities, such as antimycobacterial [1] , antitubeculosis [2] , anticancer [3] , analgesic [4] and anti-inflammatory [5] , anticovulsunt [6, 7] , antibacterial and antifungal [8, 9] .
On the other hand, compounds containing pyrazole pharmacophore are having their application in healing of inflammation and inflammation linked disorders, such as arthritis [10] . Pyrazole derivatives are the subject of many research studies due to their extensive potential biological activities such as antimicrobial [11] , antiviral [12] , antitumor [13] , antihistaminic [14] , antidepressant [15] , insecticides [16] , and fungicides [17] .
Alternatively, the thiophene nucleus has been familiar as an essential part in the synthesis of heterocyclic compounds which shows potential pharmacological characteristics. A widespread multiplicity of therapeutic applications of thiophene derivatives has been surveyed in the literature [18, 19, 20, 21] . Thiophene moiety and their derivatives are known as best pharmacophore in the diabetes mellitus [22] , antimicrobial [23] , hepatitis B virus inhibitors [24] , cholesterol inhibitors [25] , antiviral [26] , antitumor [27] and antitubercular agents [28] .
The Chemistry of fused pyrazolo-and thieno-pyrazole moieties has drawn great attention due to their pharmacological importance as reported earlier [29, 30, 31] .M. G. Prabhudeva et al, in 2018 reported the synthesis of bioactive thiophene-pyrazole conjugates and screened further for their antimicrobial and anti-oxidant properties. Their biological evaluation studies showed that compounds containing chloro substitution only in the thiophene ring exhibited excellent inhibition against all the tested organisms in comparison with that of the standard drug ciproflaxin [32] .
Key synthons namely, thiophene, pyran, thiazole and some fused heterocyclic derivatives were been synthesized and further studied for antitumor activity against three human tumour cells lines, namely breast adenocarcinoma (MCF-7), non-small cell lung cancer (NCI-H460) and CNS cancer (SF-268) by Mohareb et al, in 2012 [33] .
In view of the above mentioned literature and as a part of our nonstop efforts in the direction of the growth of more potent antimicrobial agents we reported the synthesis of Schiff bases which contain substituted thiophene hybridized with 1,3-disubstituted pyrazole-4-carbaldehydes derivatives. Based on the literature and in continuation of our interest we have designed new candidates that may be value in potent, selective and less toxic antimicrobial agents.
For this reason, we hereby present the synthesis, spectral studies and biological evaluation of the combination of two heterocyclic compounds such as thiophene and substituted pyrazoles derivatives. We have also studied the bacterial and fungal growth inhibition of the compounds and it was thought that the above mentioned heterocyclic rings together in a molecular framework have additive effect on antibacterial and antifungal activities.
Result and discussion

Chemistry
The first step of synthetic method involves a convenient, commercial and simple process for the synthesis of desired product [1-(3-fluoro-4-methoxyphenyl)ethylidene]propanedinitrile (2) using 1-(3-fluoro-4-methoxyphenyl)ethanone (1), malononitrile and ammonium acetate. IR analysis of compound 2 showed the peak at 2834 cm À1 is due to (C-H) group. Presence of (C¼C) and (C¼N) group recorded at 1512 cm À1 and 1000 cm À1 respectively. Then (CN) group band was observed at 2750 cm
À1
. The 1 H NMR spectrum of compound 2 in DMSO-d6 showed singlet at δ 2.51 ppm due to the presence of three protons of -CH 3 group. Singlet at δ 3.95 ppm was assigned to three protons of -OCH 3 protons and multiplet showed in the range of δ 7.35-7.71 was assigned to aromatic proton. Three protons of the aromatic group appeared as a multiplet in the range of δ 7.61-7.71 ppm. Then the mass spectrum of compound 2 showed a molecular ion peak at m/z ¼ 215.06 [Mþ1]. This in turn, confirmed the formation of a compound having the molecular formula C 12 H 9 FN 2 O.
Then [1-(3-fluoro-4-methoxyphenyl)ethylidene]propanedinitrile (2) was converted to 2-amino-5-(3-fluoro-4-methoxyphenyl)thiophene-3-carbonitrile (3) in presence of sulphur powder and sodium bicarbonate using tetrahydrofuran as a solvent.
Formation of compound 3 was confirmed by recording their IR, 1 H NMR, 13 C NMR, and mass spectra. IR analysis of compound 3 showed the peak at 3200 cm À1 is due to (N-H) stretchig. The existence of (C¼C) and (C-N) group observed at 1624 cm À1 and 1276 cm À1 respectively. Finally, (CN) group showed at 2202 cm
. The 1 H NMR spectrum of compound 3 in DMSO-d6 showed singlet at δ 3.87 ppm which was due to the presence of three protons of -OCH 3 group and then singlet at δ 7.65 ppm was assigned to aromatic protons. Protons appeared in the range of δ 7.21-7.28 ppm and δ 7.34-7.41 ppm was assigned to remaining five protons of the aromatic group. Then the mass spectrum of compound 3 showed a molecular ion peak at m/z ¼ 249. 1 [Mþ1] . This, in turn, confirmed the formation of a compound having the molecular formula C 12 H 9 FN 2 OS.
The vital pyrazole skeleton i.e. 1,3-disubstituted pyrazole-4-carbaldehydes (4a-o) were synthesized by Vilsmeier-Haack reaction in moderate good yields and confirmed by IR and NMR [34] .
2-Amino-5-(3-fluoro-4-methoxyphenyl)thiophene-3-carbonitrile (3) in presence of 1,3-disubstituted pyrazole-4-carbaldehydes 4(a-o) and catalytic amount glacial acetic acid in ethanol media to resulted derivatives 5(a-o) with reasonably excellent yield.
The synthetic scheme for the preparation of compounds 5(a-o) was presented in Fig. 1 .
IR analysis of compound 5h showed the peak at 3427 cm À1 is due to (C-H) group. Presence of (CN) and (C¼N) group observed at 2400 cm À1 and 1496 cm À1 respectively. Then the (C¼C) group observed at 1408 cm
. At the end, IR analysis (C-C) and (N¼N) group observe at 1095 cm À1 and 1438 cm À1 respectively. The 1 H NMR spectrum of 5h in DMSO-d6 showed singlet at δ 3.91 ppm and it was assigned to three protons of -OCH 3 group and then triplet showed at at δ 7.22 ppm was assigned to aromatic proton with a coupling constant J ¼ 4.0 Hz. Multiplet showed in the range of δ 7.30-7.45 ppm, δ 7.52-7.75 ppm was assigned to remaining seven protons of aromatic group. Doublet observed at δ 8.02 ppm with a coupling constant was assigned to two protons of aromatic group. Three more singlets for aromatic protons were observed at δ 8.85 ppm, δ 9.44 ppm and δ 10.1 ppm. Then the mass spectrum of compound 5h showed a molecular ion peak at m/z ¼ 517.03 [Mþ1] . This, in turn, confirmed the formation of a compound having the molecular formula C 26 H 16 ClFN 4 OS 2 . The spectral data of other derivatives 5(a-o) was explained in the supplementary data. The physical properties of synthesized compounds are listed in Table 3 .
Where, Ar ¼ C 6 H 5 , 4-Cl-C 6 H 4 , 4-F-C 6 H 4 , 3-Br-C 6 H 4 , 4-Br-C 6 H 4 , 4-OCH 3 -C 6 H 4 , 4-CH 3 -C 6 H 4 , 3-thienyl, 4-C 6 H 5 -C 6 H 4 , R ¼ H, Cl.
Antimicrobial studies
Inhibitory zone (diameter) mm of synthesized compounds against tested bacterial and fungal strains by well diffusion method.
Synthesized compounds were tested for the antimicrobial activity against two Gram-positive (S. aureus), (B. subtilis) and a Gram-negative (E. coli) bacterial strains along with a fungal strain (C. albicans) by the zone of inhibition (ZOI) method. The zone of inhibition was noted to be in the range of 15-41 mm. From Table 1 it was concluded that the compounds containing 4-OCH 3 and 4-Cl substituent on N-phenyl ring of pyrazole moiety showed comparable activity to that of the standard ciprofloxacin. In the case of Gram-negative E. coli compounds 5a, 5f and 5h showed significant activity with ZOI of 40, 38 and 37 mm. Then in case of Gram-positive (S. aureus), bacterial strain compounds containing 4-F and 4-Cl substituents on N-phenyl ring of pyrazole moiety showed significant activity to that of the standard Ciprofloxacin with ZOI value 40 mm. Further moving on to Gram-positive bacterial strain (B. Subtilis), substituent containing 3-thienyl, 4 biphenyl and 4-OMe groups found to be excellent activity when compared with standard with ZOI value 38, 39 and 41 mm respectively. 3-thienyl, and 4-biphenyl substituted compound 5h and 5f were active with a ZOI of 32 and 28 mm with respect to Fluconazole standard against fungal strain (C. albicans). Table 2 represents the results of the quantitative assay of the antimicrobial and antifungal activities of the novel compounds, a concentration of lower value μg/mL represents an enormously strong effect and a higher μg/mL concentration represents a reasonable effect. The tested compounds offered an antimicrobial activity at concentrations among 31.25 and >125 μg/mL.
Few of the tested compounds exhibited the antibacterial and antifungal activity. It was worth to be noticed the good antimicrobial activity was showed by the synthesized derivatives. Compound 5a (Ar-4-OCH 3 , R-4-Cl), 5e (Ar-4-Cl, R-4-Cl) and 5g (Ar-4-Br, R-4-Cl) were showed MIC values from 31.25 to >125 μg/mL against B. subtilis. Further compounds 5c (Ar-4-F, R-4-Cl) and 5m (Ar-4-Me, R-4-Cl) showed inhibition against C. albicans (MIC values in the range of 62.5 to >125 μg/mL). Halogen substituted pyrazoles containing thiophene Schiff bases derivatives showed good inhibition activity against both bacterial and antifungal strains. The activity against S. aureus was moderate with the tested compounds 5g (Ar-4-Br, R-4-Cl) where it exhibited MIC value ranging from 62.5 to >125 μg/mL. The activity against E. coli was noteworthy, the tested compounds 5a (Ar-4-OCH 3 , R-4-Cl), 5g (Ar-4-Br, R-4-Cl), and 5m (Ar-4-Me, R-4-Cl) exhibiting MIC values ranging from 31.5 to >125 μg/mL.
Conclusion
In the current work, 2-amino-5-(3-fluoro-4-methoxyphenyl)thiophene-3-carbonitrile containing Schiff bases derivatives were synthesized and characterized by FT-IR, NMR, Mass spectroscopy and elemental analysis. Further synthesized compounds were evaluated for their antibacterial and antifungal activities. The newly synthesized thiophene and pyrazole hybridized heterocyclic compounds exhibited moderate antibacterial activity against S. aureus (NCIM 5021), B. subtilis (NCIM 2063) , and E. coli (NCIM 2574), and significant antifungal activity against C. albicans (NCIM 3100). It can be concluded that these classes of compounds 3a, 3c, 3e and 3g certainly holds great promise towards good active leads in the medicinal chemistry. A further study to acquire more information concerning pharmacological activity is in progress.
Experimental
General information
Solvents and reagents were obtained from commercial sources and used without purification. Recrystallization technique was used for purification instead of column chromatography with appropriate solvents. Melting point was determined by open capillary method and was uncorrected. IR spectrum was obtained in KBr disc on a Shimadzu FT-IR 157 spectrometer. NMR spectra were recorded on a Bruker WH_200 (400 MHz) in DMSO-d 6 as solvent and TMS as an internal standard. Chemical shifts and coupling constants were expressed as ppm (δ) and Hz (J) respectively. Mass spectrum was recorded on a Jeolsx 102/Da-600 mass spectrometer/Data system using argon/xenon (6 kV, 10mA) as the FAB gas. The accelerating voltage was 10 kV and spectra were recorded at room temperature. The elemental analyses (CHN) were performed using VARIO EL-III (Elemental Analyse system GmBH). The progresses of the reactions were monitored by TLC on pre-coated silica gel G plates. All the spectral data of newly synthesized compound were consistent with proposed structure.
General procedure for of [1-(3-fluoro-4-methoxyphenyl)ethylidene] propanedinitrile (2)
To a solution of 1-(3-fluoro-4-methoxyphenyl)ethanone (1.0 mol) in dry toluene was added malononitrile (1.1 mol). Ammonium acetate (0.1 mol) and (0.2 mol) acetic acid. The reaction mixture was heated under reflux using Dean-Stark water separator until water ceased to be collected. Reaction mixture maintained for 24-28 h, with reflux condition followed by TLC monitoring [Hexene:EtOAc, 4.5:0.5 (v/v)]. Then solid product obtained was crystallized from ethyl acetate and toluene mixture to give (75% yield). 1,3-disustituted pyrazole-4-carboaldehydes (1.1 mol) and of 2-amino-5-(3-fluoro-4-methoxyphenyl)thiophene-3-carbonitrile (1.0 mol) were dissolved in warm ethanol 20 mL containing glacial acetic acid (0.50 mL). The reaction mixture was refluxed for 5-7 h. The major part of the product precipitated while hot. The solid formed on cooling was filtered, washed with hot ethanol and dried under vacuum to give respective Schiff bases respectively. Crude material was purified with ethyl acetate recrystallization (The physical properties of synthesized compounds are listed below in Table 3 ). 
2-[{(1-(4-chlorophenyl)-3-(4-methoxyphenyl)-1H-pyrazol-4-yl) methylene}amino]-5-(3-fluoro-4-methoxyphenyl)thiophene-3-carbonitrile (5a)
Yellow colour solid; 55.04% Mp. 247-248 C IR (KBr, υ max , cm 
2-[{(1-(4-chlorophenyl)-3-(4-fluorophenyl)-1H-pyrazol-4-yl) methylene}amino]-5-(3-fluoro-4-methoxyphenyl)thiophene-3-carbonitrile (5c)
Yellow 130.1, 132.9, 133.9, 134.7, 137.9, 139.4, 146.8, 147.9, 150.5, 153 .4, Table 3 Characteristic data of 2-[{(substituted phenyl-1H-pyrazol-4-yl)methylene} amino]-5-(3-fluoro-4-methoxyphenyl)thiophene-3-carbonitrile derivatives 5(ao). -C), 105.1, 114.4,  114.6, 114.7, 114.9, 115.3, 115.5, 115.6, 118.6, 118.7, 121.1,121.2 O-CH 3 ), 83.6 (CN), 114.1 (Ar-C), 114.9,  115.8, 118.5, 119.9, 121.5, 122.8, 124.9, 130.8, 131.1, 132.5, 132.9 
Antimicrobial activity
Well diffusion method under NCCLS document M62-A7 protocols was followed for the antimicrobial assay. Three bacterial strains have chosen for the study namely Escherichia coli (E. coli), Staphylococcus aureus (S. Aureus) and Bacillus subtilis (B. Subtilis). The bacterial strains were maintained on Muller-Hinton (MH) agar medium. Ciprofloxacin was used as standard antibacterial drug. Candida albicans (C. Albicans) was considered for the antifungal study and Fluconazole was used as standard drug for antifungal studies. 10 mg/mL solutions of the target compounds were prepared in dimethyl sulfoxide for the screening.
The isolates were inoculated in saline solution and incubated at 37 C for 4 h. The inoculum was adjusted to 0.5 McFarland standards (1.5 Â 108 CFU/mL). Sterile swabs were used in the process. The bacteria were seeded on Mulleur Hinton Agar plates performing lawn culture. Wells were punched in the agar plate using a sterile borer. 50 μL of each 3% stock solution the compound was dispensed in the wells. Culture plates were incubated and inhibition zones were measured.
Minimum inhibitory concentration (MIC) determination
MIC was determined by performing serial dilutions. Compounds suspension was prepared by dissolving 0.1 g of the compound in 10 mL of DMSO respectively. This represents 10 mg/mL and was then serially diluted. Tube containing only growth medium and inoculated organism was considered as control without any compound in it. The tubes were incubated at 37 C for 24 h. Subculture was done from each tube on nutrient agar (including the control) and incubated at 37 C for 24 h.
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